Background. assessing pain intensity in older adults is critical and challenging. There is debate about the most effective way to ask older adults to describe their pain severity, and clinicians vary in their preferred approaches, making comparison of pain intensity scores across settings difficult.
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P ain is a prevalent experience among older adults (1, 2) and adds to depression, social isolation, and functional disability (3) (4) (5) (6) (7) (8) . Despite evidence that the treatment of pain can increase quality of life (9) , there is general agreement that pain is underdetected and understudied among older adults (1, (10) (11) (12) (13) (14) (15) (16) . although the optimal method to detect pain is via self-report (6, 17) , detection of pain via selfreport can be difficult in this population for a variety of reasons. Older adults may not spontaneously report their pain because they attribute it to the aging process (18) , and a significant amount of pain goes undetected if assessment is based on observation alone (19, 20) . For these reasons, current guidelines suggest the routine use of self-report pain measures to increase pain detection in elderly adults (21) (22) (23) (24) .
There is considerable debate about the most effective way to ask older adults, particularly those who are frail or institutionalized, to describe their pain. Two of the most common and psychometrically supported methods are the 0-10 numeric rating scale (nRS) (25) and verbal descriptor scales (VDS) (24) . The nRS typically asks the respondent to rate their pain on a scale of 0-10 with 0 being no pain and 10 being the worst pain possible. a VDS typically asks residents to choose a verbal description of their pain (eg, mild, moderate, severe) on a 4-or 5-point scale.
There is some evidence that the VDS performs better than the nRS with respect to respondent preference, completion rates, sensitivity, and reliability (20, (26) (27) (28) , but the evidence is not conclusive and many argue strongly in support of nRS (23, 29) , which has demonstrated reliability and validity (30) , and is the more commonly used intensity scale in the general population (31, 32) . The lack of consensus on the relative performance of these two methods and the fact that clinicians and patients vary in their preferred approaches (20) has resulted in routine use of both types of scales in practice, making comparison of pain intensity scores across settings difficult (33) .
Because these two types of scales are routinely used in practice, it would be useful to devise a way to calibrate pain levels accurately across the scales (20) . in addition, a crosswalk or calibration would allow the inclusion of both scales in the planned revision of the Minimum Data Set (MDS 3.0), giving providers and residents a choice between the severity scales. However, although several studies have compared pain intensity scales with respect to response rates, preference, and reliability, there have been few attempts to create a common metric for the different scales (34) . Jones and colleagues (34) reviewed the literature and summarized efforts to categorize the 1-10 nRS onto pain intensity categorizations of mild, moderate, and severe. The mild category most often had nRS values of 1-4, but some researchers excluded 4 or included 5; moderate assignments were 4-6, 5-6, 5-7, 6-7, or 6-8; and severe included 7-10, 8-10, or 9-10. Jones and colleagues then collapsed a 6-point VDS scale into the three intensity categories and provided a correspondence to the 1-10 nRS based on data from 270 nursing home residents as follows: 1-4 = mild, 5-6 = moderate, and 7-10 = severe.
The work presented by Jones and colleagues (34) provides insights into the likely correspondence between the nRS and VDS categories. However, the cutoff points vary across studies, and the methods to derive the cut points are largely not empirically based. Even the correspondence provided by Jones and colleagues (34) was derived primarily by qualitative methods and validated using simple measures of correspondence and a relatively small sample.
in this article, we aim to improve upon this work by bringing modern measurement theory to bear on this question. Specifically, we use item response theory (iRT) (35) to provide a cross-calibration of the 4-point VDS and the 0-10 nRS among a large national sample of nursing home residents whose pain was assessed as part of the national field trial of the proposed MDS 3.0. iRT is a measurement approach that characterizes the relationship between a latent construct (in this case pain experience) and a set of items measuring that construct (eg, pain intensity questions). iRT has been applied in countless measurement settings and has been useful in studying responses of older adults to assessments of functional status, depression, cognitive status, and other constructs (36) (37) (38) (39) .
The iRT approach has several advantages (40) : The results from an iRT calibration are highly generalizable beyond the sample they were derived from assuming that sample is representative, iRT uses the relationship of items to a common underlying construct to position all item responses on a single continuum so they can be compared, iRT does not need to assume equal intervals between response categories, and the results of an iRT calibration can be used to generate graphical representations of item responses that can be very useful for examining item correspondence.
iRT is particularly useful for examining the correspondence between nRS and VDS responses in this large geographically diverse sample given that several respondents answered both the VDS and the nRS items. Furthermore, respondents were asked additional pain items, and responses to these items can be combined with the intensity items to represent a strong underlying construct of resident's perceived pain experience. The inclusion of these additional items lends stability to the cross-calibration and increases precision of the item parameter estimates.
Methods

Participants
Study participants took part in the national MDS 3.0 field trial, a trial involving residents from 71 community nursing homes in 8 states. The trial was designed to test the performance of proposed revisions to the pain items in the MDS and consisted of residents scheduled for routine MDS 2.0 assessments who were then assigned based on a preset algorithm to (a) a crosswalk sample (N = 3,258) that received the trial MDS 3.0 items and was intended to provide direct comparisons to between MDS 3.0 and 2.0 assessments or (b) a validation sample (N = 418) that received an augmented set of MDS 3.0 items as well as gold-standard measures for constructs where available to examine the validity of the MDS 3.0 items.
as part of the MDS 3.0 test battery, all 3,676 residents were asked whether they had experienced any pain or hurting in the past 5 days. Just over half of the residents (54%, n = 1,971) responded yes to this question, 35% (n = 1,290) reported no pain, and 11% (n = 415) either were not asked the question because of inability to be interviewed (n = 307) or provided nonresponsive answers (n = 108). among those who answered yes to the question about pain presence, 11 respondents had missing values for all the remaining pain questions. Thus, the analyses reported in this article are based on a sample of n = 1,960 (see Table 1 ).
Measures
all respondents who endorsed the initial pain screening question ("Have you had pain or hurting at any time in the last 5 days?" Y/n) were asked a series of questions designed to characterize the pain experience.
Pain intensity was measured with two approaches. The first approach asked the respondent to "Please rate the intensity of your worst pain over the last 5 days" and respondents were read and shown a 4-point VDS: mild, moderate, severe, and very severe/horrible. The second approach used a nRS and asked residents: "Please rate your worst pain over the last 5 days on a 0 to 10 scale with zero being no pain at all and ten as the worst pain you can imagine." These respondents were read and shown a 0-10 scale with 0 anchored to no pain and 10 anchored to worst pain you can imagine. The design for inclusion of these items varied in the crosswalk and validation samples (see Table 1 ). all 242 residents who reported pain in the validation sample were presented with both versions; the nRS was embedded in the pain assessment and the VDS was presented later in the survey after questions on other topics. in the crosswalk sample, data collectors in each facility were instructed to use the scale they typically used or that the resident had used on prior assessments. in this sample, nurse collectors were instructed to only ask a second intensity scale if the resident had difficulty with the first one that was attempted. However, some nurses appear to have presented both scales regardless of difficulty. a response of 0 for the nRS item was considered inconsistent given the endorsement of pain in the last 5 days and was set to missing for the 10 respondents who chose it. additionally, because of the low frequency of responses in nRS Category 1 (n = 10), it was combined with Category 2 of the nRS for analyses.
in addition to intensity, respondents in both samples were also asked to rate the frequency of their pain on a 4-point scale (1 = almost constantly to 4 = never). Four dichotomous (Y/n) items assessing "functional limitations due to pain" were also queried, two were asked of both the crosswalk and validation samples (pain makes it hard to sleep and pain has limited your activities) and two were included only in the validation sample protocol (pain makes it hard to get out of bed and pain makes it hard to spend time with others). These functional items have been pilot tested and shown to provide additional information about pain beyond that captured by pain intensity items (41) . Finally, the validation sample also responded to an item assessing the degree of bother associated with the pain on a 4-point scale (1 = not at all to 4 =a great deal). Only one resident endorsed the "not at all" option for this item; thus, "not at all" was combined with the adjacent category "a little" for analyses.
Analytic Approach
The goal of these analyses was to identify the correspondence between the two intensity scales' response options by considering their relative relationship to the resident's underlying pain experience. We applied iRT methods to accomplish this.
Preliminary analyses.-We first generated descriptive statistics for the eight pain items. Because iRT seeks to relate each item to a common underlying construct, it is necessary to test whether the combined items form a unidimensional construct. We therefore conducted confirmatory factor analysis with the Mplus software (42) to ensure the set of items was sufficiently unidimensional for iRT analysis. This assumption is critical to the clear interpretation of item parameters. Because of iRT's built in linking mechanism (43) , items that are completed by only a subsample of respondents can be included in a calibration provided that there are some common items that can serve to link the full sample of respondents. in this application, all respondents completed three items (pain frequency and two of the limitations items) and 16% of respondents completed both nRS and VDS intensity items. This extent of common items across respondents allows for the simultaneous calibration of all eight pain items.
Item calibration and evaluation of model results.-We used the graded response model of Samejima (44) implemented with MULTiLOG (45) to estimate item parameters for the eight pain items. Like other unidimensional iRT models, the graded model specifies the relationship between an individual's observed responses to a set of items and the unobserved (or latent) trait that is being measured by the item set, in this case pain experience. One result of an iRT calibration is a set of continuous item characteristic curves (iCCs), most commonly defined as logistic functions, which describe the probability of endorsing each response category of an item given the scale value of the measured construct.
For items with multiple ordered response categories like the pain intensity, frequency, and bother items, each iCC of graded model specifies the probability of choosing a response as a function of one item slope parameter (a) and a location (b) parameter for each response category transition. For example, for items with three response categories, two location parameters (b 1 , b 2 ) are estimated, whereas for items with two response categories, a single location parameter (b 1 ) is estimated. The slope reflects the strength of the relationship of the item to the underlying construct being measured, analogous to an item loading in factor analysis. The location parameters reflect the spacing of the item responses across the construct continuum, analogous to item thresholds in factor analysis with mean structure.
We examined the overall results of the iRT model including evaluation of item fit, and examination of the item parameters. item fit was evaluated using Bjorner and colleagues (46) extension of S-X 2 (47, 48) .
Mapping NRS and VDS.-after examining the overall results of the iRT models, including evaluation of model fit, we considered several aspects of the iRT calibration results to identify the optimal mapping of nRS responses to VDS categories. Because the iRT calibration places all the item responses on the same underlying continuum, it is possible by guest on November 4, 2016 http://biomedgerontology.oxfordjournals.org/ Downloaded from to create plots that display multiple items and show how the response options line up. Thus, we first examined plots of the iCCs to display the overlap in response categories between the VDS and nRS. Because items and scores are placed on the same underlying continuum, another way to use the iRT analytic results to explore correspondence of item response options is to examine the expected scores associated with each response option. Therefore, our second step was to calculate the model-based expected pain experience score associated with each response option for the two items and examine their correspondence in order to understand how the responses line up numerically.
These preliminary examinations provided a good indication of the mapping for many of the nRS responses into VDS categories, but there was still some question of the best correspondence for nRS response 7. a final set of plots, one for each of VDS response options moderate and severe, allowed us to evaluate the relative suitability of the placement of nRS response option 7. Each of these plots contained one VDS response option and a curve representing the sum of selected nRS response option densities. This allowed us to determine whether the inclusion of the nRS option 7 in VDS moderate created a closer match than when it was excluded and considered in VDS severe instead. Table 2 provides descriptive information for the 1,960 residents in the analytic sample and also displays the number of respondents and response frequencies for each of the eight pain items. nearly all residents in the sample answered the pain frequency question and two of the items querying limitations due to pain (hard to sleep and limited activities). With regard to the pain intensity items, n = 298 responded to both VDS and nRS pain frequency items, n = 804 responded only to nRS, and n = 823 responded only to VDS. Responses to the remaining three items (bother, hard to get out of bed, and hard to be with others) were restricted to those in the validation sample.
Results
Preliminary Analyses
The response frequencies indicate a sample of patients with moderate amounts of pain. For intensity, residents tended to endorse responses 5-8 on the nRS, and moderate was the most frequent response on the VDS. The middle response options were most frequently endorsed for pain frequency (frequently and occasionally) and bother (a moderate amount); nearly half the sample reported that pain limited activities and made it hard to get out of bed. The remaining two limitations were endorsed at lower rates. a confirmatory factor analysis was conducted using Mplus (41) to ensure that the set of items was sufficiently unidimensional for iRT analysis. The one factor solution fit the data quite well, c 2 ( n = 1,960, 17) = 62.144, comparative fit Notes: *information on race/ethnicity was only asked for new admissions. This percent is based on only 67% of the sample (n = 1,306). † n = 305 responded to both VDS and nRS pain frequency items, n = 807 responded only to nRS, and n = 816 responded only to VDS. aDL = activities of Daily Living; MDS = Minimum Data Set; nRS = numeric rating scale; VDS = verbal descriptor scale. index = .985, non-normed fit index = .986, root mean square error of approximation = .037), providing support for the applicability of the data for iRT analysis.
Item Calibration and Evaluation of Model Results
The graded model estimation converged successfully. With the exception of the nRS item, which could not be evaluated for fit because it exceeded the maximum response options allowed by the software (45) , all items displayed acceptable fit, indicating that the iRT model is an adequate representation of the data. Table 3 displays the item parameter estimates and their standard errors for each of the pain items based on the graded model calibration. Slope estimates (a) are all strong and positive (range = 1.19-2.80), indicating that all items are strong indicators of the latent construct (pain experience). The two pain intensity items and the bother item had the highest slopes. The threshold parameters ranged from −2.23 to 1.55, indicating a good representation of varying levels of the pain experience continuum. Figure 1 displays the item category trace lines for the VDS and nRS items. in these plots, the x-axis represents the underlying continuum of pain experience measured by the item set and the y-axis represents the probability of response option endorsement. For the VDS item, the response category trace lines are quite distinct; each response option covers some unique area along the pain experience continuum and it is fairly easy to discern which option is most likely for a given level of pain experience (except, of course, at the crossing points). For example, a person with a pain experience score of −0.5 is extremely likely to endorse response option moderate and has only a small probability of endorsing response options mild or severe. The nRS item does not have these properties. The response options overlap a great deal, and response options 4, 6, and 9 do not cover any unique area (ie, these category trace lines are completely contained within other response options). To continue the example, a person with a pain experience score of −0.5 is most likely to endorse nRS option 5, but also has nonzero probabilities of endorsing all the other response options, as the curves for options 1-2, 3, 4, 6, 7, 8, 9, and 10 all have shared area with the curve for option 5. This pattern implies that the 10 categories do not provide distinct information; for example, a person who responds 4 has a very similar pain experience to someone who responds 3 or 5. although comparing the VDS lines to the nRS lines in Figure 1 provides an initial idea of the correspondence between these two items' response options, the best mapping is not obvious from this approach. another perspective is gained by examining the model-based expected pain experience score associated with each response option of the two items. Figure 2 displays this correspondence. as in Figure 1 , the x-axis represents the underlying pain experience continuum, but the scale range is narrower because all scores fall within the range from −2.5 to 2.5. in Figure 2 , the VDS response option scores are displayed with error lines representing ±1 SE. From this display, most nRS options clearly fall within a VDS category. nRS responses 1-2, 3, and 4 are within mild; 5 and 6 are within moderate; 8 and 9 are within severe; and 10 is within horrible. However, the score corresponding to nRS response 7 falls within 1 SE of two different VDS categories (moderate and severe) and therefore cannot be cleanly assigned to a single VDS category based solely on this analysis. a final approach informed the mapping for the remaining nRS response by constructing plots for each of the two VDS response options, moderate and severe, which also displayed the sum of selected nRS response option densities. Figure 3 shows these results displaying VDS moderate with nRS 5-6 and 5-7 and VDS severe with nRS 7-9 and 8-9. The optimal placement of nRS response option 7 is still not definite from visual inspection of these plots, although it seems to favor including option 7 with moderate. a calculation of the area between the lines weighted by the normal density revealed that placing nRS response option 7 with moderate resulted in a total area between the lines of 0.213, whereas nRS 7 with severe resulted in a total area between the lines of 0.426. Thus, to minimize the area between the lines, nRS 7 should be included within VDS moderate. Figure 4 shows the final solution with the following VDS ≈ nRS mapping: mild ≈ 1-4, moderate ≈ 5-7, severe ≈ 8-9, and very severe/horrible ≈ 10.
Mapping NRS and VDS
Discussion
Current guidelines suggest that assessment of pain in residential care facilities should be done via resident self-report However, there is no consensus on the best approach for self-report of pain assessment, and the MDS assessment has not included self-reported measures. as patient and provider preferences for different assessment tools vary, it is useful to provide a choice of scales (20) . The results reported in this article use modern measurement theory to provide an empirically based crosswalk between the two most commonly used methods to assess pain intensity, the nRS, and VDS pain scales. The resultant "crosswalk" can be used to compare prevalence rates from the two methods either within or between studies and can also be used to compare results across time points so that both the VDS and the nRS can continue to be used in practice depending on the preference of the clinician and respondent. The similarity of the mapping presented here to the majority of results reported by Jones and colleagues (34) lends credibility to this solution.
The final mapping of the nRS to the VDS was clear for most nRS categories. However, the placement of nRS option 7 in the moderate VDS category was not ideal, as option 7 appeared to straddle the line between VDS moderate and severe categories. Clinicians and researchers may want to keep this in mind as they apply the mapping for various purposes. For example, if the intent is to identify individuals in severe pain, and sensitivity is preferred over specificity, it may be appropriate to classify nRS option 7 as severe. alternatively, if the goal is to get an optimal estimate of prevalence rates according to the four VDS pain categories, option 7 should be placed within the moderate group. it may also be helpful to consider the impact of pain on functioning when making this classification decision, as recent research has suggested that knowledge of the effect of pain on dayto-day function adds important information, especially for individuals with moderate or severe pain (41) . The relatively high slopes for the VDS and nRS items in the iRT results indicate that both are strong indicators of the underlying pain experience. This lends support for the use of either of these items as screening questions for pain assessment. However, the precision of these items is not sufficient to replace a comprehensive pain assessment. The reliability of the VDS and nRS items are highest in the middle range of the pain experience continuum (±1 SD around the mean of 0) but even there the standard error of the score estimates is about 0.6 standard units, which is quite large. This limited precision of the single items makes them less than ideal for making conclusive inferences about individuals. Furthermore, although the performance of the VDS appears slightly better than the nRS (eg, higher slope, better spacing of item responses), there are other important aspects of performance to consider before concluding that one scale is superior to the other. These factors include the stability of the item, its sensitivity to change over time, and its suitability for various subgroups (eg, according to native language or ethnicity).
The article has a number of strengths including its use of a large national sample, its inclusion of residents with a range of cognitive impairment, and its use of other pain items to obtain stable item parameter estimates. in addition, iRT is a state-of-the-art methodology that is ideally suited for this type of cross-calibration, allowing for the use of incomplete data so that the maximum number of respondents and items are included in the analysis. There are also limitations to note. The results are based on a sample of adults in residential care facilities. although almost 60% are newly admitted, these results do not necessarily generalize to community-dwelling healthier populations. in addition, the performance of these items when translated or used with persons for whom English is not a primary language may differ.
Future research should extend this mapping to include other common pain assessment techniques, including the faces pain scale and the pain thermometer. it would also be of interest to determine whether this mapping applies to populations other than the one represented in this study. Finally, it is important to note that although intensity is an important and frequently determined pain measure, a full pain assessment requires a more multidimensional query. 
